Discussions of growth and motor performance of children are often set in the context of physical fitness. Although there is a clear theoretical concept or definition of fitness comprising motor coordination, the latter is not systematically considered. This study determined to what extent the variance in motor coordination might be explained by morphological and fitness characteristics. To postulate understanding of this association during childhood, 613 boys aged 7-11 years completed the morphological measurements, the Körperkoordinationstest für Kinder (KTK) and different fitness tests. The results demonstrated a substantial interrelationship among morphology, fitness and motor coordination in elementary school boys. The magnitude of explained variance and the loadings of the canonical correlation between the several constructs are strongly pronounced during childhood indicating that these constructs should be well considered given their contribution to a child's general development.
Discussions of growth and motor performance of children are often set in the context of physical fitness (21, 26, 30) . Although motor coordination is generally embedded in concepts or definitions of fitness, this domain is not systematically considered (20, 31, 46) . In the recent decades emphasis has mainly been put on physical activity and fitness. Nevertheless, scholars need to emphasize the relevance of a minimal degree of skillfulness (development of fundamental motor skills) that allows children to participate in physical activity, sports and play (5, 45) .
Fundamental motor skills are prerequisites to the advanced skills employed in sports and games comprising of motor activities with specific observable patterns (8, 19, 49) . These skills consist of activities which invoke a child's motor coordination (e.g., running, jumping, catching, etc.). Motor coordination has been described as the capacity to efficiently control the degrees of freedom of the different body segments that are involved in the motion (3) . Motor coordination also determines to what extent and during what time span someone can fully learn a skill (18) . The literature is univocal claiming that functional and purposeful tasks, both in daily living as by the pursuit of athletic, artistic or recreational goals, require motor coordination. In physical activity and sport performance domain, motor coordination, alongside strength and power, plays an important role in the cooperative interaction between nervous system and the skeletal muscles (23) . Although there is an important lack of long experimental studies that verify the lasting effects of early stimulation of motor coordination, one of the most important time periods to improve and develop motor coordination is during the first decade of life (before puberty). By the age of 5 or 6 years the nervous system has reached about 90% of its adult size. From the age of 12-13 years, it develops very slowly and is very near final maturation. This early maturation of the nervous system makes it possible to give prepubertal children appropriate stimuli to train their motor coordination and skills (22, 33) .
Children experiencing difficulties in learning these skills may develop lifestyles that put skill development, social interaction, health and fitness at risk (6) . During the last decades, significant secular trends in morphological and fitness characteristics have been noticed. Children tend to become taller, heavier, overweighed, less fit and show more sedentary behavior (16, 27, 47) . These evolutions demand special attention, because of its possible negative impact on the development of motor coordination during the sampling years (6-12y) in which initiation of sports should be encouraged (10) . In addition, considering the importance of motor coordination in the maintenance of physical activities, this may have some implications with regard to their future well-being evaluating from a negative spiral of disengagement, drop out and lack of activity to a higher risk for health problems at later age (2, 32, 39, 45) .
A particular question with respect to sports performance in youth is the relationship between exercise (training) and the development of motor coordination (14) . Earlier studies revealed strength gains after a resistance training program in prepubescent boys (38, 40) . Those strength gains were not attributed to changes in muscle size since training induced muscle hypertrophy is contingent on adequate levels of circulating androgens, a condition not met by prepubertal children (41) . Strength gains were attributed to a trend toward increased motor unit activation, to other general neurological adaptations to training and in more complex multijoint actions to improved motor skill coordination (4, 40, 41) . But, despite theoretical benefits, children willing to improve sports performance will generally benefit more from rehearsing and perfecting motor skills rather than from resistance or strength training (9) , at least in the initial stages of training.
Furthermore, several studies focused on assessing morphology, fitness and motor coordination in children (1, 11, 12, 17, 26, 32, 48) . These studies revealed that with increasing age, values of height, weight, as well as scores on strength, agility, endurance and motor coordination tests are increasing. However, values of fat percentage and scores on flexibility tests tend to stagnate or to slightly decrease during childhood (28, 32) . The relationship among morphology and fitness and motor coordination has also been examined, indicating that higher values of weight and percentage of body fat corresponded to lower scores on the majority of fitness and motor coordination tests, except for some non weight-bearing tests such as hand grip and dynamic balance (11, 12, 30) . Moreover, scholars considered the relationship between fitness and motor coordination during childhood (20, 44) . Results for Norwegian boys aged 9-10 years revealed a significant correlation (r= -0.53) between motor coordination (measured by the MABC) and fitness (measured by the Test of Physical Fitness) (20) . Finally, a study in children with Developmental Coordination Disorder (DCD) aged 4-12 years indicated that children with DCD are at risk for poor levels of physical fitness compared with their age-matched peers (44) .
Though it might be clear that motor coordination and fitness underpin a child's general development, to date, few empirical studies examined the multivariate association among morphology, fitness and motor coordination in children. The first objective of this study was to document the age related differences with regard to morphological, fitness and motor coordination characteristics in boys aged 7, 9 and 11 years. Second, as it is of great importance not only to focus on fitness, this study determined to what extent the variance in motor coordination might be explained by morphological and fitness characteristics. It was hypothesized that there is a close relationship among morphology, fitness and motor coordination across the different age categories.
Methods

Study Design and Participants
The study design was cross-sectional and included boys from respectively 7, 9 and 11 years of age. Boys were recruited from primary schools which were randomly selected throughout the Flemish region in Belgium. Twenty-nine schools participated resulting in a sample of 613 boys. Schools were representative with respect to geographic region and school system (catholic, governmental, provincial and city). The study was approved by the different educational authorities and by the Ethics Committee of the Ghent University Hospital. The subjects without an official approval of their parents or guardians participated in the test assessment to guarantee their daily physical activity, but were not taken into consideration with regard to data analysis.
Measurements
Morphology. Height and sitting height were recorded with a Harpenden stadiometer (Holtain Ltd, UK) according to the guidelines of Lohman et al. (29) . Body weight and fat percentage were measured by means of a bioelectrical impedance (weight) scale (Tanita, type BC-420 SMA, Japan). To estimate somatic or biological maturity, maturity offset was predicted by means of a gender-specific regression equation based upon a noninvasive technique using chronological age and height, body mass, sitting height and leg length measurements (34) .
Fitness. Fitness was assessed using several items from the EUROFIT test battery (13) of which hand grip (HGR; static strength), sit-and-reach (SAR; flexibility), standing broad jump (SBJ; explosive strength), 10 × 5-m shuttle run (SHR; speed and agility) and 20-m endurance shuttle run (ESR; cardiorespiratory endurance) were selected. In addition, knee push-up (KPU; upper body functional strength) and sit-up (SUP; trunk strength) from the BOT-Short Form 2 were included (7). The selection of the tests was based on a practical reflection with regard to userfriendliness, accommodation and discriminating power of the test in children from 6 to 11 years of age.
Motor Coordination. Motor coordination was assessed using the Körperkoordi-nationstest für Kinder (KTK; 25). This test is a reliable and valid instrument for use in 5-15 year old children and was recently tested for suitability in Flanders (48) . This battery includes four test items: jumping sideways across a wooden slat (JS), moving sideways on boxes (MS), walking backward on balance beams (WB) and hopping for height on one leg (HH). First, JS comprises of jumping laterally as many times as possible over a wooden slat (60 cm × 4 cm × 2 cm) in 15 s. The number of jumps over two trials was summed. Second, MS consists of moving across the floor in 20 s by stepping from one plate (25 cm × 25 cm × 5.7 cm) to the next, transferring the first plate, stepping on it, etc. The number of relocations was counted and summed over two trials. The third test, WB comprises of walking backward three times along each of three balance beams (3m length; 6, 4.5 and 3 cm width, respectively; 5 cm height). A maximum of 24 steps (eight per trial) were counted for each balance beam, which comprises a maximum of 72 steps (24 steps × 3 beams) for this test. Finally, the fourth test consists of jumping on one leg over an increasing pile of pillows (60 cm × 20 cm × 5 cm each) after a short run-up. Three, two or one point(s) were/was awarded for successful performance on the first, second or third trial, respectively. A maximum of 39 points (ground level +12 pillows) could be scored for each leg, yielding a possible maximum score of 78.
Test Procedure
The morphologic measurements, fitness and motor coordination tests were performed in the school gymnasium during the physical education lesson and lasted approximately 85 min. Subjects wore suitable sports clothes and performed the tests barefooted, except for the ESR, according to the test protocols. At any given time the trained test leaders standardized the instruction and demonstration according to the test guidelines. The children were encouraged to perform at their best.
Statistical Analysis
The initial analysis was descriptive in nature to determine the means and standard deviations for morphology, fitness and motor coordination characteristics in boys. Furthermore, a multivariate analysis of variance on those items was carried out to examine significant differences for age. Canonical correlation analysis was used to examine the relationships between set of variables: morphology (height, weight, percentage of body fat and maturity offset), fitness (SAR, SBJ, HGR, KPU, SUP, 10 × 5-m SHR and 20-m ESR) and motor coordination (JS, MS, WB and HH). Each domain in the analysis was collapsed into a canonical variate (linear combination of variables that was derived to maximize the relationship between domains: X = a 1 X 1 + a 2 X 2 + . . . + a n X n ; Y = a 1 Y 1 + a 2 Y 2 + . . . + a n Y n ). The canonical coefficient (r c = r x,y ) measures the magnitude of the association between the two canonical variates and its squared value (r c 2 ) corresponds to shared variance between the two sets. The analytical protocol calculates bivariate correlations between each original variable and its canonical variate (r X,X1 ; r X,X2 ; . . . ; r X,Xn ; and r y,y1 ; r y,y2 ; . . . ; r y,yn ). The coefficients inform the contribution of a single variable to the observed multivariate association. It is possible to extract as many pairs of canonical variates (r Xa,Ya , r Xb,Yb , . . . r Xi,Yi ) as the number of variables in the smallest set of variables ( i ) in the analysis. In the current study, the first pair of canonical variates was extracted after performing the Wilks's Lambda and the test was repeated before the extraction subsequent canonical correlations. The percentage of shared variance between the two sets that was extracted by each canonical correlation was calculated (note that the sum of all possible canonical correlations corresponds to 100%). In addition, for each pair of extracted roots and in particular for each of the two canonical variates the following information 
Results
Descriptive statistics of participants by age group are given in Table 1 . As expected height and weight linearly increased with age from 7 to 11. Percent body fat fluctuated between 18.6% and 16.7% with a main significant effect of age. The two time elapsed tests clearly showed a significant increment ( Between morphology and fitness it was possible to extract three significant canonical correlations for each age group (see Table 2 ). The first canonical correlations at each age group seemed to represent a direct substantial relationship Table 2 ). After extracting the first pair of roots between the two sets of variables, it was possible to identify other multivariate relationships between morphology and fitness. Among children aged 7 years, having a high value of body fat (%fat: +0.78) and body weight (+0.40) corresponded to weaker performances in SBJ (-0.75), SUP ( When fitness and motor coordination are examined, the analyses evidence a direct relationship between high fitness levels and high scores on the motor coordination battery (rc 1 = 0.79 for 7-year-olds; rc 1 = 0.80 for 9-year-olds; rc 1 = 0.87 for 11-year-olds). Figure 2 represents the first canonical correlation between fitness and motor coordination. Explained variance between the two sets of variables was very high and ranged between 89.5% and 95.2%. Although all tests of the motor coordination battery showed a loading over 0.40, HH (7-year-olds: +0.92; 9-yearolds: +0.91; 11-year-olds: +0.96) demonstrated the largest association with the linear function that maximizes the relationship between the two domains. Loadings for JS were also strong: +0.84, +0.85, +0.82, respectively for boys aged 7, 9 and 11 years. In the other side of the equation three characteristics assumed high coefficients: SBJ (+0.76 to +0.89), 10 × 5-m SHR (+0.77 to +0.91) and 20-m ESR (+0.70 to +0.77). 
Discussion
To postulate understanding of the multivariate association between morphology, fitness and motor coordination characteristics during childhood, 613 boys aged 7-11 years completed the morphological measurements, the Körperkoordinationstest für Kinder (KTK) and different fitness tests. The results revealed a strong association between body size dimensions and fitness, between body composition (in terms of body fat) and motor coordination, and finally between fitness and motor coordination across all ages.
The age-related changes in morphology, fitness and motor coordination in elementary school boys are in line with previous studies (17, 26, 32, 48) . Values of morphological measurements and scores on fitness and motor coordination tests are increasing, except for percentage of body fat and SAR. As postulated in other studies a stagnation or small decrease in body fat occurs during childhood (28) . In addition, in line with a previous study, flexibility declines with age in boys reaching puberty which suggests that before puberty the combination of proportionally longer legs and relatively shorter arms may contribute to lower sit and reach scores (32) .
The association between morphology and fitness found in our study confirms the findings of earlier studies (12, 30) . Children who are taller and have a higher weight tend to achieve higher values of static strength (HGR) and children who are taller and have less body fat tend to perform better on several (weight-bearing) fitness tests. Moreover, the first canonical correlation in the three age groups establishes a high magnitude for maturity offset (morphology x fitness) assuming that biological maturity, even in prepubertal boys, also might be a confounding factor for several fitness parameters. On the contrary, maturity offset does not load high on motor coordination, which can suggest that biological maturity does not strongly affect motor coordination during the prepubertal years (7-11y). In addition, an earlier study showed that biological maturity influences motor performance tests (which reflect more neuromuscular maturation) more so than muscular strength (24) .
With regard to the relationship between the morphological parameters and motor coordination, a negative influence of fat percentage and weight on motor coordination performance was found. Since proficiency in motor skills is related to weight in children (36) and a significant relationship between activity levels and body fat percentage in children exists (42) , weak performances on motor coordination tests are most probably due to low levels of physical activity. However, also energy intake (unhealthy nutrition) may partake in explaining the reported differences. The negative influence of weight and body fat on motor coordination is mostly pronounced in weight-bearing tests such as on legged hopping for height and jumping sideways. These results are similar to earlier findings suggesting that children with overweight perform worse on weight bearing tasks, but not necessarily on coordination skills which do not include a replacement of the body (11, 12) . Paying attention not only to the amount of physical activity in terms of absolute duration, but also to the quality and intensity of physical activity programs may positively change the affinity of overweight children toward physical activity.
In addition, our study revealed high correlations between the constructs of fitness and motor coordination (cf. Table 3 ). Even taking the sample sizes into account, these values were higher compared with similar data of an earlier study by Haga (20) . However, the higher correlation between fitness and motor coordination found in our study (9-year-olds: r c = 0.80 versus r c = -0.53) might be explained Table) by the exclusion of fine motor skills through which correlations with a fitness test battery are higher. Indeed, the correlation with motor coordination may depend on the content of the fitness test battery and vice versa. The present study stipulated that standing broad jump, 10× 5-m shuttle run and 20-m endurance shuttle run load high on motor coordination (KTK). These results reveal that several test items which claim to measure explosive strength, agility and endurance are also partially measuring a grade of motor coordination or a `skill´ factor. The higher the skill factor in the test, the less performance solely depends on muscle strength or cardiorespiratory endurance, but on the coordination of agonistic, synergistic and antagonistic muscle groups (43) . On the contrary, also some items of the KTK loaded high on the construct of fitness (e.g., JS and HH). For practitioners it is of great importance to realize that some fitness tests partially measure motor coordination and also vice versa. However, since the construct of fitness comprises motor coordination (which is only slightly affected by biological maturity) and the relevance to considering motor coordination frequently has been emphasized, we suggest that the traditional fitness test batteries should include test items assessing motor coordination, such as used in the KTK (25) . The magnitude of explained variance and the loadings of the canonical correlation between the several constructs are strongly pronounced during childhood indicating that these constructs should be well considered given their contribution to a child's general development. The early maturation of the nervous system permits development of motor coordination already at young ages, as to provide a large basis on which to improve skills. We also suggest, in agreement with other studies (5, 22, 33, 45) , a more intensive development of motor coordination during childhood. To reach as many children as possible, quality physical education, also comprising the teaching of motor coordination skills, must be provided by elementary schools. This also might be relevant given the evidence that elementary school children and adolescents who are more proficient in motor skills indicate higher levels of physical activity (15, 37, 50) . Moreover, quality physical education is an important contributor to successful participation in sports which in turn is associated with higher levels of physical activity and motor competence during childhood and adolescence and with higher probability of participation in physical activity in adulthood (5, 31) . Thus, providing quality physical education may give all children the possibility of experiencing the benefits of sports participation and physical activity with regard to their (future) health and well-being (32, 35, 39) . Finally, as posted by Ahnert and Vandorpe et al. (1, 48) , the possibility to use the KTK in search of sports gifted children may be recommended for further research. It is suggested not only to select based on morphological and fitness characteristics, but also to consider a child's motor coordination and his/her readiness to learn new abilities.
Some limitations should be addressed for future research. Since this is a crosssectional design, a causal relationship between fitness and motor coordination could not be established, but should be investigated and confirmed by prospective studies. Second, measurements of height, weight and percentage of body fat were not made at a standardized time for all subjects (i.e., during the day and not at the beginning of the day). Finally, this study did not include measurements of physical activity or sports participation.
In summary, the results of this study reveal a close association among morphology, fitness and motor coordination characteristics in elementary school boys. Physical education and opportunities to play should therefore not be excessively focus on the need of meeting a daily amount of moderate-to-vigorous physical activity. By means of quality physical education children may enhance their skills and consequently may successfully participate in sports and other physical activities with advantages for their health and well-being.
